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Zt!L tVr0 aimp0Un ' U «k-* W be« recently 
^generated intense interest 1 -- ixnong cfaemists. Wolorilt. and 

ictaral eluddation of Aesern^LXZ^™/??"* 

• 19) have been reported, indicative of tbe»L«H.i • 
of th«e molecule, in the c«ce7 field. HerT^ 

JJone B, and the generation of a Sm aU epoduione wS^TbL 

>Hon-ph w synthesl, of o^^^XtTr 
^Kofet™ 

i3,fer— ~ 
(teiTsor^^^^ 

"ifentialiy through ^ aldol Vjc^L ,n „^ l ° gether 
andfan olefin meS*eafa ^ reac^n^"' ZllT reaCti ° n ' 
cyxlzing and liberating th^oduc,' X ""."^-Kj 
(6 4 7 + s — 4 -» »^ a i , , , fTOm '"e solid support 

ii unpublished resuju) at 0°C to «ilc ♦ 

compound 12 in >7rxw k vi^ tu , . form olefuuc 

" v« tentati^]^ ^i!^' ^^^y of the double bomi in 

ZnC ,. m tetrahydrofuran (TUP) gave a nuxture S£ a ZZZ££ 
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«g« 1 Raiosywhetic anelyeb of epothilone A (i) by a sofkH*3se 
metathesis strategy. TBS. MkiMe,Si; the shaded circle indicates polys* 
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ng«» 3 ftotresywhettc analysis of epothilone B (2) by a sotutlonlphai s jmnsgy 
TBS. r-BuMo^l. -v^ouw. 



(-90% yield, - 1 : 1' ratio). Finally, introduction of thk nil t ocydk 



s^«„ 5" onto the growmg substrate was adiievedO £^ S .ndS,^ l ° I »* wc > r 24 tt ' °< 

Uon leadings, the mpnred precursor ,4 in ^SSfi t ^ ^t^T^^f^^:^ ? * *« W 




twn leading » the required precursor 14 in -80% yield. Wposure 
to «^(= CHPbXPCy,),, where Cri, cydolLf £££ 

16-18 and 3 (52% toul yield. 16 : 17 : 18 : 3 - & 3 f .3 u 
determined by high pressure liquid chromatograpiy (HPLC)) 
Compound. 16-18 «d 3 could be grated ekbeVlby fa»tC or 

ZESTS ^ ^ chromatt >g"P i, y- «"d theltw jv ith the 
correct C6-C7 stereochemistry (that is. 17 and 3) were-iesJ ited by 

n^^(trlfluorom«hy^)dlOIi^ai 1 e 1, then furnished epdthi <rreA(l, 
70%) and its diastereoisomer 21 (45%), respectively^,, is*poxy 
isomers of I and 21 were also obtained in these lepjfcdation 
reactions. Pure synthetic epothilone A (1) exhibited {Smtical 
properties (as determined by thin layer chromatograi I n , |ol 0 
(optical rotation), >H and »C NMR, infrared and TrU (high 
resolution mass spectrum)) to those of an authentic samite 

*Th« total synthesis of epothilone B (2) followed a itrjtei 1 crtvtd 
from the retrosynthetlc analysis shown In Fig. 3" ffi *rat«ry 
caTled for coopling of intermediates 6. 25 and 26 via Witta 
okfination. an aldol reaction, and a macrolactonttauon, ] 0 tewed 
by epowdation. and was expected to proceed vis intefWc ii tes 24 
and 23. This plan was deliberately chosen for its potential * fcliver 
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t;diastereoisomers at C6-C7 (aldol reaction) and both eeo- 
ZZI'Z at ? 12 Cl3 (Witti « mCti0D) *» -o.ec^r 
pity and biological screening purposes. 

o4^?l 0rliam 23 J (,CCN rt unpublished results) was 
cdhverted ^ 'he corresponding ylide by treatment with NaHMDS 

ftaCt ^° ne 26 (K CN " « "i- unpublished results) to 

ft Z7p ^^ nd i- olefi ~ 27 in 73% yidd and - 1 : 1 ratio 

^? ^ eXP ° IUre t0 CSA < 97% oxidized 
wULh SOrpynduie-Et^I-DMSO to afford aldehyde 28 in 95% 
rJd. ; Tr«tme n t of keto acid 6" with excess LDA in THE followed 
b* reacuon wjth aldehyde 28, furnished a mixture of four com- 
M n ^?°, ndin , g 1° * e ^ isomers of the CI2- 

kII ° Ub ^" mdlhe,w diastereomeric isomers at C6-C7 in 
X^^L^ir 1 ^^ ^ PT 50 ^ by "Posure to excess 
TB50Tf and 2.6-luudine. and then selectiveJy deprotected at the 
«fo*>?»c ■ aad site (K 2 CO,-MeOH) to afford chromatographicaUy 
»^rable (sihea gd) caxboxylic adds 29 (31 % yield frorn28)and its 
6S7K r diastereoisomer 29a (30% yield from 28). 

(Sap 29 T thc " d«aylated at CIS 

£ I ' 10 PnX,UCe u •» ■ mixture of 



_ i. ; . , , , «~.».«.i„„u«uud 01 oy tne Yama- 

gu|hijnethod (2,4,6-trichlorobenzoylchIoride, Et,N. 4-DMAP) 
"l v formatlon of macrocyclic olefins 30 (40%) and 31 
<3|%), which were chroma tographicalry separated (silica sd) 

iffif^l ( J^L r ^ Ve ^ Fiaal,y - ^^"rio" of 23 with 
m«hyt(tnfluoromethyl)dioxirane" furnished epothilone B (2) 

Wl,h ,ts a epoxid* epimer 35 in 85% yield and -5 1 
ragoit>favourof2. Pure synthetic epothilone B (2) was obtained by 
fnlwT T proctography (R, = 0.24. 4% MeOH 

> r L ldentical P^P"^ ("in Uyer chroma- 

togVaphy. [«]„, H and »C NMR. infrared and HRMS)to those of- 
anjuithenfac sample of epothUone B (2). Similar treatment of 32 
rertilted in the formation of epothUones 33 and 34 in 86% yidd and 
-4Mratio. The use of mCPBA for these epoxidations gave slightly 
dilferfnt results leading to 2 and 35 in 66% total yidd and -5 • 1 
ra*. and 33 and 34 in 73% total yield and -4 : 1 ratio 
^.P.f, * ynthe, L i 1 tc<J epothilones were tested for their action on 
tutibJIh ^usmbly using puriflad tubulin with an assay" davaWd 
oSnjpllfy differences between compounds more active than 
tax&l. As demonstrated in Fig. 5. both epothilone B (2) 

Sfi ..ni^ ^ "gn^ur ">ore active than 

taxfel (£0,= 15.0±2,xM) and epothilone A (1) (EC,, = 
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residue 36jl than around 270 relative to taxoids) 
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J The soiid^pbase synthesis of epctiuloec A (1) desiribed 
| rcp^esentoaneweone^ 

' trace* a highly efficient pathway to the naturally occurring 
I net* and open* the way tor the generation of large combu 
epodiDoae libraries. The biologic*] results demonstrate! thkt 
potent microtubule binding analogues than the parent 
can be obtained (for example, compound 23) by chenu 

Furthermore, our findmp point to lipophilic substi, 

than the epoxide moiety as important dements for bindi 
The role of the epoxide in the cytotoxicity of epoAuonet, 
still remains to be elucidated. 
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Over geblogicd time, photosynthe^ 

* ^j?*™* respiratory oxidation of organic carbon. The imbal- 
ance i>etween the two processes has resulted in the simultaneous 
aocm auktion of oxygen in, and drswdown of carbon dioxide 
from the Earth's atmosphere, and the burial of organic carbon in 
mart le sediments 1 -'. It is generally assumed that these processes 
H hhied by the availability of phosphorus", which is snpptied 
co htihental weathering and fluvial discharge*" 7 . Over the past 
o i union years, decreases in atmospheric carbon dioxide con- 
centrations daring glacial periods correlate with increases in the 
^JJ r » M « c carbon from surface waters to the marine 
n^a*- 11 , bat variations in phosphorus fluxes appear to 
been too small to account for these changes 11 * 11 . Conse- 
St has been assumed that total oceanic primary produc 
mained relatively constant during gtacUl-to-intergiacial 
ibWs» although the fraction of this productivity exported to 
s> diraents somehow increased during glacial perio<ls ,W4 . Here 
ananarysis of the evolution of biogeocheraical cycles 
suggests that fixed nitrogen, not phosphorus, limits pri- 
productivity on geological timescales. Small variations in 
Mo! of nitrogen fixation to denitrification can signiftcanUy 
atmospheric carbon dioxide concentrations on gladal-to- 
timescales. The rario of these two processes appears to 
led by the oxidation state of the ocean and the supply 
gements, especially iron. 

illy, nitrogen and phosphorus are the two elements that 
t ially Jhnit the biologically mediated carbon assimilation in 
s by photoautotrophs. It is frequently argued that, as N 2 is 
in both the ocean and atmosphere, and, in principle, can 
be bjflogicaJry reduced to the equivalent of NH 3 by N 2 - fixing 
(that is, diazotrophs), nitrogen cannot be limiting 
geological timescales«- ,s - M . It then foUows that phosphorus, 
h his no significant atmospheric source, must ultimately 
Uofogical productivity. The underlying assumptions of these 
s should, however, be considered within the context of the 
i» evolut|oir: of brogeochemicai cycles and the manifestations of those 
n the contemporary ocean. 

lally all fixed inorganic nitrogen in the contemporary ocean 
ced to nitrate. Where did the nitrate come from? Although, 
\rdueaji atmosphere, electrical discharge or bolide impacts 
rnightfiaye promoted NO formation from reaction between N 2 and 
ej yield for the reaction is low". NH 3 in the Archaean 
tere would have photodusociated, driven by ultraviolet 
i: ; however, N 2 would have been stable and abundant 17 - 1 *, 
bd biologically reduced to NH, via the enzyme mtrogenase. 
Nj fixation is a strictly anaerobic process", and the 
jof the genes encoding the catalytic subunits for nitr - 
U h ighly c onserved in cyanobacteria and ther eubacteria, 
" suggesting an ancient, common ancestral origin* The 
and homology of nitrogen fixari n capacity also implies 
"norgank nitrogen in the Archaean and early Protozerok 
scarce before the evolution of diazo trophic organisms; 
there was strong evolutionary selection for N 3 fixation. 
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